Introduction
An experimental approach to the problem of caries was first made by Miller (1890) when he incubated extracted human teeth in a mixture of bread and saliva. He produced in vitro lesions which, under the microscope, were claimed to be identical to those of natural caries. Since this early work, increasing attention has been paid to methods of inducing caries-like changes experimentally in susceptible animals and in extracted human teeth. While experiments on animals have made significant contributions to knowledge on the influence of diet and nutrition, they can yield little information on the influence of immediate environmental factors such as the bacterial plaque.
Extracted human teeth have been widely used in experiments designed to investigate the mechanism of dental decay and caries-like changes have been produced in a variety of ways. Chemical methods have been used to remove mineral to try to imitate the demineralization of the natural disease but, useful as this type of approach is, it does little to reproduce the environment of the mouth. Some workers, however, have endeavoured to produce in vitro conditions resembling as closely as possible the state in vivo by using the so-called 'artificial mouth'. The types of apparatus used previously (Dietz 1943 , Pigman et al. 1952 , Wagg et al. 1957 tooth (wax coated). R, reservoir of medium. E, exhaust reservoir the value of the principle underlying the artificial mouth, although the need for further development work was apparent: in particular, a simpler apparatus suitable for multiple experiments and giving better simulation of the oral environment was needed.
The artificial mouth which has been evolved for our own work on experimental caries appears to have some advantages over previous devices and has provided a suitable basis for studies on the bacterial plaque and artificial lesions of the teeth.
Apparatus
The artificial mouth, which is illustrated in Fig 1, has already been described in detail (Rowles et al. 1963) . While further development work is needed, particularly in the provision of a simple system for feeding whole saliva to the experimental teeth, the general design of the device has proved satisfactory.
Experiments to Test the Value of the Mouth
The main aim of the experiments carried out so far has been to determine the conditions necessary within the artificial mouth for the maintenance of a mixed culture of aerobic and anaerobic organisms representative of the oral flora. Previous workers using the artificial mouth principle have used a wide variety of micro-organisms for inoculation, many of which are not present in the normal oral flora in significant numbers. In any experimental study of the factors influencing caries, it is essential that the basis should be an apparatus simulating as closely as possible the environment of the natural mouth and able to support the population of bacteria associated with natural caries. The experiments undertaken have been regarded as part of the programme of developing and testing the apparatus and techniques as prerequisites to future work on specific problems on the relationship of microorganisms to experimental dental caries and calculus formation.
The main factors influencing the growth, in vitro, of micro-organisms, in either pure or mixed culture are those of (1) incubation temperature, (2) atmospheric conditions, (3) supply of food, and (4) in a continuous culturesystem,theremoval of end-products of bacterial metabolism. In our experiments, the required incubation temperature of 35-37°C was provided by housing the artificial mouths in an electrically heated and thermostatically controlled warm room. All the initial experiments were carried out in a normal room atmosphere.
The apparatus was designed to provide either a continuous or an intermittent delivery of the selected food supply to the experimental teeth. The amount of medium available to the organisms could also be controlled by adjusting the rate of flow.
The medium had to supply the growth requirements for a wide range of organisms, many of which are extremely difficult to maintain in artificial culture. To simulate oral conditions, the presence of fermentable carbohydrate was considered to be desirable. Pigman et al. (1952) used a medium consisting of tryptone, yeast extract and glucose at a pH of 6-4. Our initial work involved the use of this medium but experience showed that it did not support the growth of the more fastidious organisms for the experimental periods required. It also favoured the growth of acidogenic organisms such as lactobacilli. On the other hand, media containing meat extracts such as infusion broth or Lab-Lemco were found to support most organisms, although lactobacilli survived for only a limited period of time. It was then decided to test a combined Lemco yeast peptone glucose medium at a pH of 7 as it seemed probable that this would support the continued growth of mixed cultures in the apparatus. Tests showed that organisms present in the original inoculum could still be isolated from samples taken from the surface of experimental teeth after periods of up to three months in the artificial mouth.
The fact that mixed cultures of organisms could be maintained for these periods of time indicated that the automatic removal of end-products of bacterial metabolism was taking place successfully. The accumulation of such metabolites would either exert a bactericidal effect or render the medium selective for one group of organisms. For example, the accumulation of acid derived from fermentation of glucose would render the medium suitable for lactobacilli only.
A high incidence of contamination was a factor which invalidated the results of some of the early experiments. The danger of airborne contamination has now been largely overcome by the use of a specially designed manipulation chamber which can be sterilized by ultraviolet radiation. All experimental teeth are now inoculated in this chamber and the incidence of contamination has been reduced considerably. Although the artificial mouth is designed to allow quick and easy manipulation of experimental teeth and hence minimize the risk of contamination, the complete exclusion of spore-bearing organisms has not always been possible.
Factors Concerned in the Production of Experimental

Carious Lesions
Following the success of the experiments designed to prove the design of the apparatus from the bacteriological point of view, an investigation was started into the principal factors concerned in the production of experimental carious lesions. This work has been divided into three main parts:
(1) To induce and maintain bacterial plaques on the enamel surfaces of caries-free experimental teeth: It has proved possible to establish plaque on experimental teeth by immersing the crown in a freshly collected specimen of whole saliva. The teeth and saliva were left in contact for over 20 minutes at a temperature of 37°C before introducing the teeth into the artificial mouth. Plaqueproduced by this means was exposed to a simultaneous flow of medium and of Seitz-filtered saliva and the results showed that aerobic and anaerobic organisms could be maintained on enamel surfaces for periods up to six months. Although these results are encouraging and indicate that it is possible to keep the food supply consistent and sterile, the problem of maintaining a regular flow of fresh sterile whole saliva to the teeth requires further work.
(2) To produtce artificial lesions in sound dentine: During the early phases of this work, it was considered that artificial lesions might be produced quickly in this tissue and that valuable information on techniques would accumulate fairly speedily from a limited number of experiments. Artificial cavities extending through the enamel into sound dentine were prepared and inoculated with either carious dentine from a freshly extracted tooth or organisms from a previous experiment preserved by freeze-drying.
(3) To produce experimental lesions in the enamel offully formed but unerupted teeth: These experiments were divided into two sub-groups. In the first the unerupted tooth was cut into two longitudinally in a bucco-lingual direction and the half-teeth mounted in the same cone in such a way that the enamel-covered surfaces were in contact and formed an 'interstitial area'. The inoculum was wedged in the space between the two halves of the tooth.
In the second group of experiments, the crowns of unerupted teeth were completely covered with either wax or clear Bostik and windows cut through the covering to the intact enamel surface.
Experiments of this type were started for two reasons:
(1) The action of the cariogenic agents can be limited to selected areas of enamel; these were kept small so that during the preparation of ground sections the surrounding enamel gives some support and protection to the softened tissue and helps to preserve it for examination.
(2) The fairly deep walls surrounding the window allow the inoculum to be more firmlyfixed in place during the first few days of the experiment during the time the plaque is becoming established.
Various types of inocula have been tried. When fresh whole saliva was used, it was found that organisms were present which eventually outgrew the normal oral flora. These bacteria were present in the saliva inoculum in small numbers and were thought to have been introduced with food into the mouth of the subject from whom the saliva was collected. A similar difficulty was encountered if an extracted tooth bearing natural plaque was mounted in the artificial mouth in contact with a sterile experimental tooth to see if the plaque would become established on'the experimental tooth. Further work showed that a much more satisfactory growth was obtained if carious dentine from freshly extracted decayed teeth was used as the inoculum. The superficial layer of soft caries was removed from the cavity before the sample was taken. In this way it was hoped to remove contaminants and saprophytic organisin& probably playing no important part in the car'ious process. Two samples of carious dentine were then taken, one for use as inoculum and one for culture in order to identify the organisms present: results of the cultures show that the inoculum varied in composition but usually included streptococci both 'aerobic and anaerobic, lactobacilli, corynebacteria, aerobic and anaerobic actinomyces and other anaerobes such as veillonella, and fusobacteria. In some instances Robertson's meat broth cultures of the carious dentine were absorbed on to sterile filter paper strips and the organisms preserved by freezedrying. In subsequent experiments the filter paper strips could be 'used as inocula, being either wedged between the halves of a tooth or packed into the window area. This method of inoculation proved more satisfactory than the use of carious dentine, for not only could a series of experiments be conducted using the same inoculum but the paper held the organisms in position on the tooth until a good growth was established. Not infrequently, when carious dentine was used, the flow of medium dislodged the inoculum before the plaque had become established.
This accounthas touched on only a few of the bacteriological problems which have been encountered during the course of the work. Those that remain have not been mentioned in detail.
Significant progress has been made in developing techiques for introducing and maintaining organisms in the artificial mouth but more work is needed to'standardjz'e these techniques. If this standardization can be achieved, it will then be possible to investigate more thoroughly than hitherto the relationship of the oral flora to the production of experimental and natural caries.
Examination of the Experimental Lesions
While it is recognized that the problems arising in connexion with the saliva feed must be solved before any claim can be made to have produced acceptable simulation of the oral environment, the results obtained using only the continuous drip feed of medium are encouraging. In experimental periods varying from 10 to 242 days, lesions resembling in many respects those occurring in natural caries have developed beneath artificial plaques. Softening and discoloration of the dentine with bacterial invasion of the infected tubules has occurred in some teeth, although for the time being experiments with dentine have been discontinued in order to concentrate attention on the initial attack on the enamel.
The alterations in the structure of enamel which have been produced beneath the bacterial plaques induced on the surfaces of unerupted teeth closely resembled both macroscopically and microscopically those seen in natural caries. Initially, the affected area of enamel became chalky in appearance, although close examination often showed that the surface was still smooth and hard (Fig 2) . In more advanced experimental lesions, the surface of the enamel was opaque and the surface layer soft and not infrequently slightly discoloured; at this stage a sharp probe penetrated easily into the softened enamel.
Microscopically, in the early in vitro lesions the attack penetrated through the surface layer of the enamel and then spread extensively in the subsurface zone. This type of attack, which is also a feature of natural caries, was best seen in sections examined by transmitted polarized light. Sections of more advanced lesions showed that the surface layer subsequently became involved. At the advancing edge in the deepest part of the altered zone, translucent and dark zones, like those seen in many natural lesions, were a frequent feature (Figs 3 & 4) . When examined by transmitted polarized light, these zones at the advancing front of an in vitro lesion showed optical properties which could not be distinguished from those seen in the natural lesion examined in the same way.
Within the body of the 'carious' zone, the pattern of the stria of Retzius was accentuated (Figs 3 & 4) and, under higher magnification, the cross-striations of the individual prism could be clearly seen.
In lesions which have penetrated through the full thickness of the enamel, involvement of the dentine followed. The in vitro change spread more rapidly in this tissue and lateral spread undermining the enamel occurred along the amelodentinal junction (Fig 5) . Decalcified serial sections were prepared of some teeth in which spread to dentine had occurred and in these staining by Gram's method showed that bacterial invasion of tubules had occurred.
Numerous technical difficulties have arisen as the research has proceeded and, while many have been wholly or partially solved, some still remain. In spite of these problems, artificial lesions, apparently similar to natural caries, have been produced in many experimental teeth. It is most encouraging that these lesions are the result of maintaining on the tooth for long periods of time inocula of mixed organisms from natural caries. The results justify the view that this form of approach to the problem of experimental caries will be of value in investigating the factors concerned in the initiation and progress of in vitro caries.
